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WIRELESS SELF-POWERED FLOW SENSOR
SYSTEM AND ETHERNET DECODER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
patent application Nos. 62/580,685, filed Nov. 2, 2017 and

62/580,753, also filed Nov. 2, 2017, both of which are
incorporated herein by reference 1n their entireties.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to wrrigation systems and,
more particularly, to controlling irrigation of one or more
desired areas.

Description of Related Art

Irrigation systems used, for example, for watering lawns,
include a water distribution means, such as, without limita-
tion, a sprinkler head or a drip 1rrigation pipe, for delivering,
water to a desired area from one or more pipes coupled to a
water source.

To control the supply of water to one or more sections of
the pipes, an electrically actuated water valve 1s disposed in
the pipe section upstream of the water distribution means of
said one or more section of the pipes. In response to the
water valve being closed, water 1s prevented from flowing
from the water source, e.g., a main water line, to the water
distribution means downstream of said valve. In contrast,
when the valve 1s 1n an open state, water can pass ifrom the
water source to the water distribution means which, 1n
response, distributes the water supplied thereto in a manner
known 1n the art.

A typical irnigation system 1ncludes a controller coupled
in communication with one or more valves of the wrrigation
system for controlling the open and closed states thereof.
The controller can be hardwired to each valve via one or
more wires. For example, each valve can be coupled to the
controller via two wires which can supply power and ground
to the valve. In another example, a number of valves 1 an
area to be 1rrigated can be coupled to a common ground or
carth ground and a single wire can be coupled from each
valve to the controller which can supply power to said valve
when 1t 1s desired to turn the valve to an open state or to
withhold power from said valve when it 1s desired to have
the valve be 1n a closed state.

In another example of a prior art irrigation system, the
wired connection described above can be replaced by a
wireless connection. In this example, the controller can
include at least a transmitter which communicates wirelessly
with a receiver which can be coupled to one or more water
valves and which 1s operative for controlling the open and
closed state of each valve based on a wireless, radio signal
received from the transmitter.

One feature common of prior art wrrigation control sys-
tems 1s that the controller needs to be 1n close proximaity to
the valves being controlled.

To monitor the amount of water for performance verifi-
cation, leak detection and water consumption required of
today’s smart control systems, a flow sensor can be installed
downstream of the water source and upstream of the 1rriga-
tion control valve(s).
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To retrofit existing 1rrigation systems with flow sensors 1s
often not practical since the water source 1s typically some
distance away from the 1rrigation controller separated by, for
example, hardscape, driveways, or great distances. A radio
system at the sensor requires power for the radio and the
sensor to operate. Often times a permanent source of mains
power 1s not available and solar power 1s not feasible.

SUMMARY OF THE INVENTION

Generally, provided 1s a system and method for control-
ling 1rrigation of one or more areas.

In one non-limiting embodiment or example, disclosed
herein 1s a flow system comprising: a fluid delivery pipe
connected 1n series between a fluid distributor and a fluid
valve, e.g., a water valve, that 1s connected 1n series between
a source of fluid, e.g., a water source, and the fluid distribu-
tor; a flow sensor mounted to the fluid delivery pipe between
the fluid valve and the fluid distributor, said flow sensor
operative for sensing a tlow of fluid 1n said fluid delivery
pipe and for outputting a flow signal in response to the flow
of fluid 1n said fluid delivery pipe; a shunt fluid delivery pipe
coupled in parallel with a portion of the fluid delivery pipe;
a hydrogenerator mounted to the shunt fluid delivery pipe,
saild hydrogenerator operative lfor generating electrical
power 1n response to fluid flowing 1n the shunt fluid delivery
pipe; an electrical storage device coupled to receive and
store electrical power generated by the hydrogenerator; and
a first radio coupled to receive electrical power from the
clectrical storage device, to receive the tflow signal from the
flow sensor, and operative to output a first wireless signal
including the flow signal.

In one non-limiting embodiment or example, disclosed
herein 1s a flow system comprising: a fluid delivery pipe
connected 1n series between a fluid distributor and a fluid
valve that 1s connected 1n series between a source of fluid
and the flmd distributor; a controller programmed or con-
figured to control the fluid value via a communication
network; and a decoder coupled between the flmd valve and
the communication network, said decoder responsive to a
command received from the controller via the communica-
tion network for changing a state of the fluid valve.

In one non-limiting embodiment or example, disclosed
herein 1s a method comprising: (a) assigning a unique
communication network address to a decoder coupled to a
water valve; (b) 1ssuing, by a controller to the decoder via a
communication network, a command signal to the commu-
nication network address of the decoder; and (¢) responsive
to recerving the command signal, the decoder causing the
irrigation valve to change from a close state to an open state,
Or vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the present mvention waill
become more apparent from the following description in
which reference 1s made to the appended drawings wherein:

FIG. 1 1s a schematic view of a flow system according the
principles of the present invention;

FIG. 2 1s a schematic view of a flow system network
according the principles of the present invention;

FIG. 3 1s a schematic view of a flow system according the
principles of the present invention; and

FIG. 4 1s a schematic of a wireless gateway of FIG. 3
according the principles of the present invention.

DESCRIPTION OF THE INVENTION

The following examples will be described with reference
to the accompanying figures where like reference numbers
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correspond to like or functionally equivalent elements. It 1s
to be understood that the specific example(s) 1llustrated in
the attached drawings, and described 1n the following speci-
fication, are simply exemplary examples or aspects of the
invention. Hence, the specific examples or aspects disclosed
herein are not to be construed as limiting.

With reference to FIG. 1, 1n one non-limiting embodiment
or example, a tlow system which can be used for rrigation
can 1nclude an in-ground portion 2 and an above-ground
portion 4. In-ground portion 2 can include a water valve 6
(or fluid valve), a tlow sensor 8, and a pressure control valve
10 connected 1n series between a water source 12 and one or
more water distribution means 14, such as, without limita-
tion, a sprinkler head or a drip 1rrigation pipe. Above-ground
portion 4 can include controller 16 that, in-turn, can include
a human machine interface (HMI) 18, a processor 20, a
memory 21 coupled to processor 20, and a radio 22, all
powered by a power supply 24.

In one non-limiting embodiment or example, water valve
6 can be controllable under the control of processor 20 of
controller 16 between an open state, where water can pass
from water source 12 to water distribution means 14, and a
closed state, where the flow of water from water source 12
to water distribution means 14 1s blocked, prevented, or
avoided. The operative connection between controller 16
and water valve 6 can be via a communication channel 26
which can be a wired connection, a wireless connection, or
the combination of a wired and wireless connection. Where
communication channel 26 1s a wireless connection, con-
troller 16 can include or be connected to an optional radio
transmitter or transceiver 82 and water valve 6 can include
or be connected to an optional radio receiver or transceiver
84 that enable the open and closed states of water valve 6 to
be controlled by controller 16 wirelessly. In an example,
radio transmitter or transceiver 82 can be part of commu-
nication channel 26, or controller 16, or both. In an example,
radio receiver or transceiver 84 can be part of communica-
tion channel 26, or in-ground portion 2, or both.

Referring to in-ground portion 2, imn one non-limiting
embodiment or example, water valve 6, flow sensor 8, and
pressure control valve 10 can be connected in series with a
fluid delivery pipe 28 which can be used for delivering water
from water source 12 to water distribution means 14. Pres-
sure control valve 10 can operate 1n a manner known 1n the
art to maintain a pressure differential such that water 1s
torced through a shunt flmd delivery pipe 32 (described 1n
greater detail hereinafter) parallel to fluid delivery pipe 28.
Flow sensor 8 can be operative for sensing a flow of fluid 1n
fluid delivery pipe 28 and for outputting to a radio 30 of
in-ground portion 2 a tlow signal 1n response to the tlow of
fluid 1n fluad delivery pipe 28. This tlow signal can include
an 1ndication that fluid 1s flowing through flow sensor 8, an
indication of the volume of fluid flowing through tflow

sensor 8, or both. In an example, radio 30 can be a trans-
mitter or a transceiver.

In one non-limiting embodiment or example, 1n-ground
portion 2 can also include shunt fluid delivery pipe 32
coupled 1n parallel with a portion of fluid delivery pipe 28.
A hydrogenerator 34 can be coupled in series with shunt
fluid delivery pipe 32. Hydrogenerator 34 can be operative
for generating electrical power 1n response to fluid tlowing
in shunt fluid delivery pipe 32 and through hydrogenerator
34. The ends of shunt fluid delivery pipe 32 coupled to fluid
delivery pipe 28 can include optional 1solation valves 36
which can be set to a closed state to allow accessing
hydrogenerator 34, e.g., for servicing.
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In one non-limiting embodiment or example, the output of
hydrogenerator 34 can be coupled to an electrical storage
device 38, such as a battery, a capacitor, or any other suitable
and/or desirable electrical energy storage device. For the
purpose of this description, electrical storage device 38 will
be described as being a battery 38. However, this 1s not to be
construed 1n a limiting sense.

In one non-limiting embodiment or example, radio 30 can
be powered from the output of battery 38 in a manner known
in the art. Radio 30 can be configured whereupon, 1n
response to receiving the tlow signal from flow sensor 8,
radio 30 can output via an antenna 42 of in-ground portion
2, a wireless signal 40 that can include the flow signal
thereon. In an example, the tlow signal output by flow sensor
8 can be modulated on wireless signal 40.

In one non-limiting embodiment or example, radio 22 of
controller 16 can be operative for recerving wireless signal
40 output by radio 30 and for retrieving therefrom the tlow
signal. In an example, radio 22 can be a receiver or a
transceiver. Processor 20 of controller 16 can be operative
for processing the tlow signal. In an example, processor 20
operating under the control of a control program stored 1n
memory 21 can be operative for processing the tlow signal
to determine an amount (volume) of water passing through
flow sensor 8 1n a particular period of time. In an example,
memory 21 can be programmed with a reference volume or
range ol volumes of water to pass through flow sensor 8
during a particular period of time.

In one non-limiting embodiment or example, suppose that
memory 21 1s programmed with a value of “X” volume of
water desired to flow through flow sensor 8 during a
particular irmigation event. When the irrigation event 1s
started by controller 16 causing water valve 6 to move from
a closed state to an open state thereby allowing water to pass
from water source 12 to water distribution means 14, flow
sensor 8 can output a tlow signal representing the volume of
water flowing therethrough. This flow signal can be recerved
by processor 20 via wireless signal 40 and can be integrated
over time to determine the total amount of water passing
through flow sensor 8 during the irrigation event.

In one non-limiting embodiment or example, upon pro-
cessor 20 determining that the total volume of water passing
through tlow sensor 8 during the irrigation event 1s greater
than or equal to the desired “X” volume of water pro-
grammed 1nto memory 28, processor 20 can, via commu-
nication channel 26, cause water valve 12 to return to the
closed state, thereby terminating the flow of water to water
distribution means 14.

In one non-limiting embodiment or example, during the
time that water flows to water distribution means 14 during
an 1rrigation event, a portion of said water passes through
shunt fluid delivery pipe 32 thereby powering hydrogenera-
tor 34 which, 1n a manner known 1n the art, can output
clectrical power which can be stored in battery 38. In a
manner known 1n the art, battery 38 can, in-turn, provide
clectrical power to radio 30 for the operation thereof. In this
manner, the act of supplying water to water distribution
means 14 via fluid delivery pipe 28 can be used to charge
battery 38 which can, in-turn, be used to power radio 30 for
transmission of the flow signal to controller 16 1n the manner
discussed above.

In one non-limiting embodiment or example, only
antenna 42 may be above the top of a turt surface 44, with
the remainder of in-ground portion 2 being below turf
surface 44. However, this 1s not to be construed 1n a limiting,
sense since 1t 1s envisioned that antenna 42 can also be
positioned below turt surface 44.
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With reference to FIG. 2 and with continuing reference to
FIG. 1, 1n one non-limiting embodiment or example, 1t 1s
envisioned that above-ground portion 4 can service a num-
ber of in-ground portions 2-1-2-7, each of which can similar
to m-ground portion 2 1 FIG. 1. In an example, each
in-ground portion 2 1n FIG. 2 can communicate directly with
above-ground portion 4, as shown 1n FIG. 1 and as 1s also
shown by in-ground portion 2-4 in direct communication
with above-ground portion 4. In another example, a number
of m-ground portions 2 can be configured and operative as
a wireless network, e.g., a wireless mesh network, wherein
the radio 30 of each in-ground portion acts as a node of the
network.

In one non-limiting embodiment or example, as shown 1n
FIG. 2, the radios 30 of in-ground portions 2-1-2-7 1n radio
communication range with each other can form communi-
cation channels 28 therebetween. In another example, one or
more communication channels 28 can be formed with the
radio 22 of controller 16 of above-ground portion 4 by one
or more radios 30 1n 1mn-ground portions 2 within radio range
of radio 22.

In one non-limiting embodiment or example of a mesh
network, the tflow signal from in-ground portion 2-1 can be
received by above-ground portion 4 via m-ground portions
2-2 and 2-3. Similarly, the tflow signal output by in-ground
portion 2-2 can be received by above-ground portion 4 via
in-ground portion 2-3 which can communicate directly with
above-ground portion 4. In another example, the flow signal
output by mn-ground portion 2-7 can be received by above-
ground portion 4 via in-ground portions 2-6 and 2-5. Simi-
larly, the flow signal output by 1n-ground portion 2-6 can be
received by above-ground portion 4 via m-ground portion
2-5.

In one non-limiting embodiment or example, suppose
in-ground portion 2-5 falls out of wireless communication
with above-ground portion 4, e.g., through the presence of
atmospheric events and/or physical objects. In this example,
the mesh network can be reconfigured or can automatically
reconfigure itself, whereupon instead of communicating
flow signals directly to above-ground portion 4, in-ground
portion 2-4 can be added to the mesh comprising in-ground
portions 2-3-2-7, whereupon tlow signals from one or more
of m-ground portions 2-5-2-7 can be received by above-
ground portion 4 via m-ground portion 2-4. In an example,
it 1s envisioned that the mesh network can be automatically
and dynamically configurable in a manner known in the art
in order to provide a pathway for the flow signal output by
cach in-ground portion 2-1-2-7 to above-ground portion 4.

In one non-limiting embodiment or example, the radio 30
of each in-ground portion, e.g., 2-2 and 2-3, that acts as a
pathway to radio 22 of controller 16 of above-ground
portion, can be a transceiver that 1s operative to receive a
flow signal from a downstream 1n-ground portion 2 and to
torward said flow signal to an upstream 1n-ground portion 2
(when not 1n direct communication with the above-ground
portion) or directly to above-ground portion 4 (when in
direct communication with the above-ground portion).

In one non-limiting embodiment or example, above-
ground portion 4 can include radio 22 operative for receiv-
ing a second wireless signal 46 that can include a flow signal
that can originate at any one of in-ground portion 2-1-2-3 in
the mesh network arrangement shown in FIG. 2. The con-
troller 16 of above-ground portion 4 can include processor
20 operative for processing the flow signal recerved by radio
22 on the second wireless signal 46. In an example, the
second wireless signal 46 can include the tflow signal origi-
nally generated by in-ground portion 2-1 which can be
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transmitted by radio 30 of in-ground portion 2-3 to radio 22
of above-ground portion 4. In this example, in-ground
portion 2-3 1s operative to forward said flow signal recerved
wirelessly from 1n-ground portion 2-2 which acts to forward
the flow signal recerved wirelessly from in-ground portion
2-1 which outputs said tflow signal on first wireless signal 40.
In this example, the wireless signal output by in-ground
portion 2-2 and received by in-ground portion 2-3 can be a
forwarding wireless signal 48.

In one non-limiting embodiment or example, the radio 30
of in-ground portion 2-2 receives from in-ground portion 2-1
the first wireless signal 40 that can include the flow signal
generated by a water valve 6 of in-ground portion 2-1. The
radio 30 of m-ground portion 2-2 wirelessly forwards this
flow signal, via the forwarding wireless signal 48, to 1n-
ground portion 2-3 which, in-turn, wirelessly forwards this
flow signal to above-ground portion 4 via the second wire-
less signal 46.

In one non-limiting embodiment or example, based on
this flow signal received by above-ground portion 4, the
open and closed state of the water valve 6 of in-ground
portion 2-1 that generated the flow signal can be controlled
via a reverse wireless path from the radio 22 of above-
ground portion 4 to the radio 30 of 1n-ground portion 2-1 via
the radios 30 of in-ground portions 2-2 and 2-3.

With reference to FIG. 3 and with continuing reference to
FIG. 1, in one non-limiting embodiment or example, com-
munication channel 26 can include the Internet 50 coupled
to an Ethernet port 52 of controller 16. In this example, radio
22 can be optional.

In one non-limiting embodiment or example, connected to
Internet 50 remote from controller 16 can be an Ethernet port
54 of an Ethernet decoder 56. The connection between
Internet 50 and Ethernet port 52, Ethernet port 54, or both
can each be by a wired network (shown) or a wireless
network (not shown). The manner 1n which each Ethernet
port 52 and 54 communicates with Internet 50 1s not to be
construed 1n a limiting sense.

Herein, “

Ethernet” 1s used as a specific example of a
communication protocol and 1s not to be construed 1 a

limiting sense as it 1s envisioned that any suitable and/or
desirable communication protocol now known or hereinatter
developed may be used instead.

In one non-limiting embodiment or example, the network
connection between Ethernet port 52 and Internet 50 can be
via an optional access point switch 58. Similarly, the net-
work communication between Internet 50 and Ethernet port
54 can be via an optional access point switch 60. In an
example, the Ethernet protocol can be used for communi-
cation with Ethernet ports 52 and 54. However, this 1s not to
be construed 1n a limiting sense since 1t 1s envisioned that
other wired or wireless communication protocol(s) can be
utilized.

In one non-limiting embodiment or example, 1n FIG. 3,
other elements, such as modems, routers, and the like,
normally used for communication between controller 16 and
Ethernet decoder 56 are not shown for the purpose of
simplicity. It 1s, however, to be understood, that such other
clements are present as necessary to facilitate wired and/or
wireless network communication between controller 16 and
Ethernet decoder 56.

In one non-limiting embodiment or example, water valve
6 can be coupled to a powered relay 62 of or accessible by
Ethernet decoder 58 via a wired and/or wireless connection.
In an example, the open and closed states of irrigation valve
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4 can be controlled 1n response to receiving appropriate
control signals from powered relay 62 via the wired and/or
a wireless connection.

In one non-limiting embodiment or example, Ethernet
decoder 56 can control the open and closed states of one or
more water valves 6 positioned 1n an 1rrigation area and
coupled to Ethernet decoder 56 via one or more wired and/or
wireless connections. In an example, Ethernet decoder 56
can be processor 64 based. An example of how the system
of FIG. 3 can be utilized will now be described with
reference to controlling a single water valve 6. However, this
1s not to be construed 1n a limiting sense.

In one non-limiting embodiment or example, starting with
water valve 6 1n a closed state blocking the flow of water
from water source 12 to a water distribution means 14,
processor 20 of controller 16, operating under the control of
a control program stored 1n memory 21 of controller 16, can
output to the IP or network address assigned to Ethernet
decoder 58 an “open” command to open water valve 6. In a
manner known in the art, this “open” command travels from
Ethernet port 52 via Internet 50 to Ethernet port 54 of
Ethernet decoder 56.

In one non-limiting embodiment or example, in response
to receiving this “open” command, Ethernet decoder 356
water causes water valve 6 to change from the closed state
to an open state thereby allowing water to pass from water
source 12 to water distribution means 14. In an example,
where Ethernet decoder 56 1s hardwired to water valve 4,
powered relay 62 can be configured to directly supply
clectrical power to an energizing coil 66 to place water valve
6 1n an open state.

In one non-limiting embodiment or example, where Eth-
ernet decoder 56 1s wirelessly connected to water valve 6, an
optional wireless gateway 68, such as a Tucor Nexus Base
Wireless Gateway, available from Tucor, Inc. of Harmony,
Pa., can be provided 1n wireless communication with pow-
cered relay 62 via a wireless transmitter 70 or wireless
transceiver of or accessible by Ethernet decoder 56. In an
example, wireless gateway 68 can be hardwired to water
valve 6. In an example, in response to Ethernet decoder 56
outputting via wireless transmitter 70 a wireless command
corresponding to the “open” command received by Ethernet
decoder 56, wireless gateway 68 can cause electrical power
to be supplied to a coil 66 of water valve 6 that causes water
valve 6 to move to an open state thereby allowing water to
pass from water source 12 to water distribution means 14.

With reference to FIG. 4 and with continuing reference to
FIG. 3, 1n one non-limiting embodiment or example, wire-
less gateway 68 can be processor 72 based and can include
at least a wireless receiver 74 or transceiver for receiving
wireless command from wireless transmaitter 70. In response
to wireless transmitter 70 outputting the wireless command
corresponding to the “open” command received by Ethernet
decoder 56, a switch 76, under the control of processor 72,
can connect coil 66 to an electrical power source 78, such as,
without limitation, power over Ethernet (POE), a battery, a
solar call, or a permanent source of electrical power (such as
utility power). In response to connecting coil 66 to electrical
power source 78, water valve 6 moves to an open state.

In one non-limiting embodiment or example, when 1t 1s
desired to change water valve 6 back to the closed state,
controller 2 can output a “close” command signal to the IP
or network address assigned to Ethernet decoder 56. In a
manner known 1n the art, this “close” command travels from
Ethernet port 52 via the Internet 50 to Ethernet port 54 of
Ethernet decoder 56.
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In one non-limiting embodiment or example, in response
to recerving the “close” command, Fthernet decoder 36
causes water valve 6 to change from the open state to the
closed state thereby blocking the flow of water from water
source 12 to water distribution means 14. In an example,
where Ethernet decoder 56 1s hardwired to water valve 6,
powered relay 62 can be configured to directly withhold
clectrical power from coil 66 to main water valve 6 1 the
closed state.

In one non-limiting embodiment or example, where Eth-
ernet decoder 56 1s wirelessly connected to water valve 6 via
wireless gateway 68, 1n response to wireless transmitter 70
outputting the wireless command corresponding to the
“close” command received by Ethernet decoder 56, switch
76, under the control of processor 72, can disconnect coil 66
from electrical power source 78, whereupon water valve 6 1s
configured to return to the closed state.

In one non-limiting embodiment or example, as can be
seen, the open and closed states of water valve 6 can be
remotely controlled by controller 16 via the IP or network
address assigned to Ethernet decoder 56. In an example, the
open and closed state of each water valve 6 coupled (hard-
wired or wirelessly) to Ethernet decoder 56 can be con-
trolled 1in concert or independently of other water valves 4
coupled to Ethernet decoder 56.

In one non-limiting embodiment or example, controller
16 can be located anywhere remote from Ethernet decoder
56. In an example, provided controller 16 can communicate
with Ethernet decoder 56 via Internet 50, controller 16 and
Ethernet decoder 56 can be positioned any distance apart
deemed suitable and/or desirable by one of ordinary skill 1n
the art.

In one non-limiting embodiment or example, controller
16 can be programmed with IP or network addresses of a
number of Ethernet decoders 56 (not shown), each of which
can control the open and closed state of one or more water
valves 6 coupled thereto (hardwired or wirelessly) and
positioned 1n the same irrigation area or 1n different 1rriga-
tion areas positioned any distance apart. In an example,
controller 16 can control the open and closed states of any
number of water valves 4, individually or 1n concert, regard-
less of their location or proximity to each other. An advan-
tage 1s that controller 16, instead of being dedicated to
controlling water valve(s) 4 1n one or more proximate or
adjacent 1rrigation areas, can control water valve(s) 4 1n
irrigation areas separated by vast distances from each other
provided an Internet 50 connection can be established
between controller 16 and the one or more Ethernet decoders
56 controlling said one or more water valves 6.

In the above example, powered relay 62 and/or wireless
transmitter 70 and, hence, Fthernet decoder 56 1s described
as controlling the open and closed state of a single water
value 6. However, this 1s not to be construed 1 a limiting
sense since 1t 1s envisioned that Ethernet decoder 56 can be
configured to control the open and closed states of multiple
water values 6. In an example, powered relay 62 can
represent any number of control ports of Ethernet decoder
56 as may be required for an application.

In one non-limiting embodiment or example, while the
foregoing described “open” and “close” command signals
being communicated from controller 16 to Ethernet decoder
56, 1t 1s also envisioned FEthernet decoder 56 can commu-
nicate back to controller 2. For example, upon receiving an
“open” or “close” command signal, Ethernet decoder 56 can
return an appropriate acknowledgement signal to controller

16.
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In one non-limiting embodiment or example, the output of
one or more sensors 80 can be coupled to Ethernet decoder
56 which, in-turn, can commumicate the output of each
sensor 80 to controller 16 for analysis via Ethernet ports 52
and 54, and Internet 50. In an example, each sensor 80 can
be a rainfall sensor, a moisture sensor, or the combination
thereol. Based on the analysis of the output of said one or
more sensors 80, controller 16 can control the open and
closed state of each water valve 6 capable of being con-
trolled by controller 16 1n the manner described above to
irrigate one or more 1rrigation areas to a desired extent,
thereby avoiding over- or under-irrigating said one or more
irrigation areas.

In one non-limiting embodiment or example, water valve

6 shown FIGS. 3-4 can be a standalone water valve or a
water valve of in-ground portion 2 shown in FIGS. 1-2 that
can also include tflow sensor 8, pressure control valve 10,
fluid delivery pipe 28, shunt fluid delivery pipe 32, hydro-
generator 34, battery 38, radio 30, and antenna 42.
In one non-limiting embodiment or example, the example
of FIGS. 3-4 was described as having Ethernet ports 52 and
54, and Ethernet decoder 56. However, this 1s not to be
construed 1n a limiting sense since 1t 1s envision that ports 52
and 34 and decoder 56 can implement any suitable and/or
desirable are network protocol (other than the Ethernet
protocol) now known or heremafter developed.

As can be seen, disclosed herein 1s a wireless flow system
comprising: a fluid delivery pipe 28 connected in series
between one or more water distribution means 14 and a
water valve 6 that 1s connected 1n series between a water
source 12 and the water distribution means 14. A flow sensor
8 can be mounted to the fluid delivery pipe 28 between the
water valve 6 and the water distribution means 14. The flow
sensor 8 can be operative for sensing a flow of fluid 1n said
fluid delivery pipe 28 and for outputting a flow signal 1n
response to the flow of fluid 1n said fluid delivery pipe 28.
A shunt fluid delivery pipe 32 can be coupled 1n parallel with
a portion of the fluid delivery pipe 28. A hydrogenerator 34
can be mounted to the shunt fluid delivery pipe 28. The
hydrogenerator 34 can be operative for generating electrical
power 1n response to fluid flowing 1n the shunt fluid delivery
pipe 32. An electrical storage device 38 can be coupled to
receive and store electrical power generated by the hydro-
generator 34. A first radio 30 can be coupled to receive
clectrical power from the electrical storage device 38, to
receive the flow signal from the flow sensor 8, and for
outputting a first wireless signal 40 including the flow signal.
In an example, the flow signal can be modulated on first
wireless signal 40.

The wireless flow system can include a controller 16 that
can include a second radio 22 operative for receiving the first
wireless signal 40 output by the first radio 30 and for
retrieving or demodulating the flow signal from the first
wireless signal 40. The controller 16 can also include a
processor operative for processing the flow signal.

The wireless tflow system can further include controller 16
including second radio 22 operative for receiving a second
wireless signal that can include the flow signal and for
retrieving or demodulating therefrom the flow signal. The
controller 16 can include a processor operative for process-
ing the tlow signal. In this example, one or more forwarding
radios 30 can be used to forward the tlow signal included on
a first wireless signal output by the first radio 30 to the
second radio 22.

The wireless flow system can include controller 16
including second radio 22 operative for receiving a second
wireless signal that can include the flow signal and for
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retrieving therefrom the flow signal, and a processor 20
operative for processing the tlow signal. On or more third
radios 2-2 and/or 2-3 can be operative for generating the
second wireless signal 1n response to the first wireless signal.

In this example, the third radio can be operative for
generating the second wireless signal 1n response to the first
wireless signal when the first and second radios are not in
direct wireless communication with each other.

The shunt fluid delivery pipe can be coupled 1n parallel
with the portion of the flmid delivery pipe downstream of the
flow sensor.

A pressure control valve can be mounted to the fluid
delivery pipe 1n series with the flow sensor, wherein the
shunt fluid delivery pipe can be coupled 1n parallel with said
flow sensor.

The flow signal can include a value of a volume of fluid
flowing through the flow sensor.

Also disclosed herein 1s a method comprising: (a) assign-
ing a unique IP or network address to a network (e.g.,
Ethernet) decoder operatively coupled to an irrigation valve;
(b) 1ssuing, by a controller to the network decoder via a
communication network, such as the Internet, a command
signal to the IP or network address of the network decoder
operatively coupled to the irrigation valve; and (¢) respon-
sive to recerving the command signal, the network decoder
causing the irrigation valve to change from a close state to
an open state, or vice versa.

The network decoder can be coupled to the irrigation
valve via a wired and/or wireless connection.

Also disclosed 1s a flow system comprsing: a fluid
delivery pipe connected 1n series between a fluid distributor
and a fluid valve that 1s connected 1n series between a source
of fluid and the fluid distributor; a controller programmed or
configured to control the fluid value via a communication
network; and a decoder coupled between the flmd valve and
the communication network, said decoder responsive to a
command received from the controller via the communica-
tion network a command for changing a state of the fluid
valve.

The decoder can be coupled to the tluid valve via a wired
connection, a wireless connection, or both.

The flow system can include a gateway in wireless
communication with the decoder, the gateway can be opera-
tive for enabling the decoder to control the state of the fluid
valve via a wireless command from the decoder to the
gateway.

The gateway can be coupled to the fluid valve via a wired
connection and/or a wireless connection.

The communication network can include the Internet.

Also disclosed 1s a method comprising: (a) assigning a
unique communication network address to a decoder
coupled to an water valve; (b) 1ssuing, by a controller to the
decoder via a communication network, a command signal to
the communication network address of the decoder; and (c)
responsive to receiving the command signal, the decoder
causing the irrigation valve to change from a close state to
an open state, or vice versa.

The decoder can be coupled to the irrigation valve via a
wired and/or wireless connection. The decoder can be an
Ethermnet decoder. The commumnication network can include
the Internet. The communication network address can be an
Internet Protocol address.

Although the mvention has been described in detail for
the purpose of illustration based on what 1s currently con-
sidered to be the most practical and preferred embodiments,
it 1s to be understood that such detail i1s solely for that
purpose and that the invention 1s not limited to the disclosed
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embodiments, but, on the contrary, 1s intended to cover
modifications and equivalent arrangements that can be
within the spirit and scope of the appended claims. For
example, 1t 1s to be understood that the present invention
contemplates that, to the extent possible, one or more
features of any embodiment can be combined with one or
more features of any other embodiment.

The invention claimed 1s:

1. A flow system comprising:

a fluid delivery pipe connected in series between a tluid
distributor and a fluid valve that 1s connected in series
between a source of fluid and the fluid distributor;

a flow sensor mounted to the fluid delivery pipe between
the source of fluid and the fluid distributor, said flow
sensor operative for sensing a flow of fluid 1n said fluid
delivery pipe and for outputting a flow signal 1n
response to the tlow of fluid 1n said fluid delivery pipe;

a shunt flmd delivery pipe coupled in parallel with a
portion of the fluid delivery pipe;

a hydrogenerator mounted to the shunt fluid delivery pipe,
said hydrogenerator operative for generating electrical
power 1n response to tluid flowing in the shunt fluid
delivery pipe;

an electrical storage device coupled to receive and store
clectrical power generated by the hydrogenerator;

a first radio coupled to receive electrical power from the
clectrical storage device, to recerve the flow signal from
the flow sensor, and operative to output a first wireless
signal including the flow signal, wherein the fluid valve
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and the tlow sensor are connected between the source
of flmd and an upstream connection of the shunt
delivery pipe to the fluid delivery pipe that 1s closest to
the source of fluid;

a controller including a second radio operative for recerv-
ing the first wireless signal and for retrieving therefrom
the tlow signal, and a processor operative for process-
ing the flow signal; and

a third radio operative for generating a second wireless
signal that includes the tlow signal 1n response to the
first wireless signal, wherein the processor 1s operative
for processing the tlow signal included on the second
wireless signal and for controlling the fluid valve to be
in an open or closed state based on the flow signal
included on the second wireless signal.

2. The tlow system of claim 1, wherein the third radio 1s
operative for generating the second wireless signal 1n
response to the first wireless signal when the first and second
radios are not in direct wireless communication with each
other.

3. The flow system of claim 1, further including a pressure
control valve mounted to the fluid delivery pipe 1n series
with the flow sensor, wherein the shunt tluid delivery pipe 1s
coupled 1n parallel with said flow sensor.

4. The tflow system of claim 1, wherein the tlow signal can
include a value of a volume of fluid flowing through the tlow
SEeNsor.
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